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Objectives: To investigate the association of ultrasound (US) features with pain and the functional scores
in patients with equal radiographic grades of osteoarthritis (OA) in both knees.
Methods: Fifty-six consecutive patients with knee OA: 85 symptomatic knees (81 knees with medial pain)
and 27 asymptomatic knees, and 10 healthy patients without knee OA as a control were enrolled. US was
done by two ultrasonographers blinded to patient diagnoses. US features were semiquantitatively scored
(0e3) when appropriate.
Results: In the OA group, common US ﬁndings were marginal osteophyte, suprapatellar synovitis,
suprapatellar effusion (SPE), medial meniscus protrusion, medial compartment synovitis (MCS), lateral
compartment synovitis, and Baker’s cyst. Only SPE and MCS were signiﬁcantly associated with knee pain.
Visual analog pain scale (VAS) scores on motion were positively linearly associated with SPE and MCS
(P < 0.01). Only MCS was degree-dependently associated with VAS scores at rest, the Western Ontario
and McMaster Universities pain subscale, and the presence of medial knee pain (P < 0.01) after
adjustments for age, gender, body mass index (BMI), radiographic grade, and other US features. In the
control group, no US features were associated with knee pain.
Conclusions: US inﬂammation features, including SPE and MCS, were positively linearly associated with
knee pain in motion. MCS was also degree-dependently associated with pain at rest and the presence of
medial knee pain. These ﬁndings show that synovitis was one important predictive factor of pain. Further
studies to conﬁrm the association of US features and pain are warranted.
 2012 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.Introduction
Arthritis is the most common cause of pain in the elderly, and
knee pain is the major clinical symptom of knee osteoarthritis
(OA)1. The cause of pain in knee OA is not yet fully understood.
General practitioners, rheumatologists, and orthopedists usuallyto: I.M. Jou, Department of






Elsevier Ltd on behalf of Osteoartuse knee radiography, which visualizes only bony structures, as
a ﬁrst-line diagnostic tool for knee OA. Community-based studies2e4
have shown that severe radiographic knee OA is associated with
greater pain; however, there is a high degree of discordance
between clinical and radiographic knee OA5e8. In clinical practice,
a patient with equal radiographic grades of OA in both knees usually
presents with unequal visual analog pain scale (VAS) pain scores,
and sometimes even with pain in only one knee. The reason for the
discrepancy between pain and radiographic structure lesions is
probably that the origin of pain is multifactorial3,9.
Ultrasound (US) is an easy noninvasive procedure with minimal
discomfort for patients, and seems useful in evaluating joint effu-
sion and synovitis, the features of inﬂammation10e14. There are
a few studies that have demonstrated the correlation of sono-
graphic ﬁndings, such as suprapatellar effusion (SPE) and medial
meniscus protrusion (MMP), and symptomatic OA11,15e17. However,hritis Research Society International.
Fig. 1. Suprapatellar recess. Accumulated hypoechoic ﬂuid and hypertrophied syno-
vium were measured and recorded. F ¼ femur.
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an US examination seems to correspond well to knee pain in
patients with OA, especially to medial knee pain. Our hypothesis
was that synovitis, either in the medial knee recess or in the
suprapatellar pouch, is important in the mechanism of OA knee
pain. Although the radiographic grade is not well-correlated with
clinical symptoms, it is still a possible confounding factor. Other-
wise, pain is self-reported and depends on personal factors that are
difﬁcult to assess and quantify. Comparing the degree of pain in
both knees of the same patient can minimize the individual vari-
ance in the perception of pain. To minimize the confounding
factors, our study aim was to investigate the association of US
features with the pain and function in patients with equal radio-
graphic grades of OA in both knees.
Materials and methods
One hundred ﬁfty-six consecutive patients with bilateral
primary knee OA were recruited from the orthopedics outpatient
clinic of our university medical center, a consultation center of the
region, fromDecember 2009 toMay 2012. All patients consulted for
intra-articular (IA) hyaluronate (HA) injection therapy were at least
45 years old and met the American College of Rheumatology (ACR)
criteria for knee OA18. The inclusion criterion was equal radio-
graphic KeL (Kellgren and Lawrence) grades of OA in both knees.
Exclusion criteria were: (1) secondary knee OA following Group for
the Respect of Ethics and Excellence in Science (GREES) criteria19;
(2) a history of knee surgery; and (3) a history of arthrocentesis and
an IA steroid or hyaluronic acid injection 3months before the study.
Otherwise, 10 patients presenting unilateral/bilateral knee pain
without knee OA, other systemic inﬂammatory disease, or
a previous knee trauma history were enrolled as the control group.
Our institutional ethics committee for studies on human subjects
approved the protocol. Informed consent was obtained from all
patients before the clinical, US, and radiographic evaluation. All
enrolled patients received clinical assessment, radiographic
assessment, US assessment, and ﬁnally US-guided injection of HA
in order if indicated.
Clinical assessment
Demographic characteristics were collected using standard
questionnaires. Body mass index (BMI), a 100-mm VAS in motion
and at rest, and the Western Ontario and McMaster Universities
(WOMAC) OA Index of pain, stiffness, and function subscales over
the preceding 48 h were obtained from all patients. Bothersome
knee pain (symptomatic) was deﬁned as a VAS above 40 mmwhile
walking10. Both knees were clinically evaluated by the same
orthopedic surgeon (IMJ), who also recorded the duration of
symptoms, knee alignment, presence of spontaneous medial knee
pain, and tenderness at the pes anserinus insertion (PAI). Tender-
ness at the PAI was assessed by applying ﬁrm digital pressure at the
anteromedial aspect of the proximal tibia (2.5e3.0 cm distal to the
medial femorotibial joint line)17. No anagelsics were allowed for
72 h preceding the clinical and US assessment13.
Radiographic assessment
Weight-bearing anteroposterior (AP) and lateral knee radio-
graphs were read by two orthopedic surgeons (TCC and KCW), who,
blinded to the clinical and US ﬁndings, assessed the severity of the
OA using the KeL radiographic scale (grades IeIV)18 and patello-
femoral (PF) signs of degeneration. Grading discrepancies were
resolved by consensus. Patients with the same KeL grade for both
knees were enrolled for the study.US procedure
Within 5 days of the clinical evaluation, US (MicroMaxx;
SonoSite, Bothell, WA)was done, using an HFL38 (6e13MHz) linear
array transducer, on the suprapatellar pouch, medial knee recess,
PAI, lateral knee recess, and posterior aspect of the knee, in that
order, by two ultrasonographers (PTW and CJS) blinded to the
patients’ diagnoses. Both longitudinal and transverse scans were
done using a standardized method7,16,17. US diagnostic criteria for
tendon and ligament lesions, bursitis, and panniculitis were based
on those described in the literature17,20,21. Synovitis was deﬁned as
hypoechoic synovial hypertrophy. In the suprapatellar recess,
synovial hypertrophy 4 mm thick on the median longitudinal
plane was deﬁned as synovitis (Fig. 1)11. In the medial and lateral
knee recesses, synovitis was deﬁned as a thickening of the normally
very thin hypoechoic line10. Effusion was identiﬁed as an anechoic
or hypoechoic compressible material seen in two perpendicular
planes (Fig. 2)11,17,22. The synovium and amount of effusion at the
maximum depth observed in the longitudinal scanwere measured.
Effusion in the suprapatellar recess was recorded as present if it
was 4 mm deep7. The cutoffs for grading effusion and synovial
hypertrophy in the suprapatellar recess were modiﬁed based on
a previous study (Table II)23. A hypertrophied synovium in the
medial and lateral knee recesses is difﬁcult to distinguish clearly
from the ﬂuid. Therefore, in the medial and lateral recesses, the
depths of the synovium and effusion were measured together.
Abnormal synovial hypertrophy and effusion accumulation >2 mm
deep in the medial/lateral recess was deﬁned as synovitis of the
medial/lateral compartment [medial compartment synovitis
(MCS)/lateral compartment synovitis (LCS), Table II ]. Marginal
osteophytsis (MO) was assessed over the suprapatellar, medial and
lateral knee recess. The size of the largest osteophyte was recorded
and scored with a modiﬁed semiquantitative system (Table II)24.
Baker’s cyst was identiﬁed when the gastrocnemius-
semimembranosus bursa ﬁlled with hypoechoic material showed
a transverse diameter >4 mm17.
Protrusion of the meniscus was deﬁned as a distance between
the peripheral border of the meniscus and the outline of the tibial
plateau >3 mm25. The distance of protrusion was measured and
graded as 0e3 (<3 mm, 3 to <5, 5 to <8, 8) (Table II).
Intraobserver variability of the US features was tested by doing
a second US scan in 20% of the patients (randomly chosen) on the
same day. In between, at least one other US assessment was done.
The consistency of the intraobservers for radiographic KeL grades
Table II
Clinical, radiographic, and US ﬁndings in symptomatic and asymptomatic knees
with OA
Symptomatic
knee (n ¼ 85)
Asymptomatic




74.0 (71.0, 77.0) 24.8 (20.1, 29.6) <0.001
VAS at rest [mean (95% CI)] 20.8 (17.3, 24.3) 3.0 (0.9, 5.0) <0.001
WOMAC [mean (95% CI)] 42.2 (38.8, 45.6) 13.7 (9.3, 18.0) <0.001
Medial knee pain (n, %) 81 (95.3%) 0
US features
Marginal osteophyte (n, %) 84 (98.8%) 26 (96.3%) 0.939
Grade 0 (<1 mm) 9 (10.6%) 3 (11.1%)
Grade 1 (1w2 mm) 26 (30.6%) 8 (29.6%)
Grade 2 (2w5 mm) 40 (47.1%) 15 (55.6%)
Grade 3 (>5 mm) 10 (11.8%) 1 (3.7%)
SPS (n, %) 79 (92.9%) 15 (63.0%) <0.001
Grade 0 (<4 mm) 6 (7.1%) 10 (37.0%)
Grade 1 (4w<8 mm) 44 (51.8%) 12 (44.4%)
Grade 2 (8w<11 mm) 25 (29.4%) 4 (14.8%)
Grade 3 (S11 mm) 10 (11.8%) 1 (3.7%)
SPE (n, %) 28 (32.9%) 3 (11.1%) 0.016
Grade 0 (<4 mm) 57 (67.1%) 24 (88.9%)
Grade 1 (4w<8 mm) 20 (23.5%) 3 (11.1%)
Grade 2 (8w<11 mm) 7 (8.2%) 0
Grade 3 (S11 mm) 1 (1.2%) 0
Protrusion of medial
meniscus (MMP) (n, %)
74 (87.1%) 19 (70.4%) 0.067
Grade 0 (<3 mm) 11 (12.9%) 8 (29.6%)
Grade 1 (3w<5 mm) 30 (35.3%) 13 (48.1%)
Grade 2 (5w<8 mm) 32 (37.6%) 5 (18.5%)
Grade 3 (S8 mm) 12 (14.1%) 1 (3.7%)
MCS (n, %) 75 (94.1%) 15 (55.6%) <0.001
Grade 0 (<2 mm) 5 (5.9%) 12 (44.4%)
Grade 1 (2w<5 mm) 51 (60.0%) 15 (55.6%)
Grade 2 (5w<8 mm) 24 (28.2%) 0
Grade 3 (S8 mm) 5 (5.9%) 0
LCS (n, %) 50 (58.8%%) 11 (40.7%) 0.597
Grade 0 (<2 mm) 35 (41.2%) 16 (59.3%)
Grade 1 (2w<5 mm) 46 (54.1%) 11 (40.7%)
Fig. 2. Medial knee recess. Protruding medial meniscus and hypertrophied synovium
mixed with effusion were measured and recorded. F ¼ femur, T ¼ tibia.
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(randomly chosen) within 5 days after the ﬁrst clinic visit. Inter-
observer agreement on US features and radiographic KeL grades
was done by re-reading the stored images. All US feature assess-
ments were done. Assessment discrepancies were resolved by
consensus.
Intraobserver variability, evaluated using the k value, was 0.80
for suprapatellar synovitis (SPS), 0.78 for suprapatellar effusion
(SPE), 0.73 for MMP, 0.75 for MCS, 0.78 for LCS, 0.89 for MO, and
0.73 for KeL grade. Interobserver agreement, also evaluated using
the k value, was 0.79 for SPS, 0.74 for SPE, 0.72 for MMP, 0.75 for
MCS, 0.77 for LCS, 0.85 for MO, and 0.72 for KeL grade.Grade 2 (5w<8 mm) 4 (4.7%) 0
Grade 3 (S8 mm) 0 (6.2%) 0
Baker’s cyst (n, %) 21 (24.7%) 4 (14.8%) 0.282
Radiographic ﬁnding
KeL grade 0.090
I (n, %) 1 (1.2%) 1 (3.7%)
II (n, %) 5 (5.9%) 5 (18.5%)
III (n, %) 40 (47.1%) 14 (51.9%)Statistical analysis
Because of the relatively small number of asymptomatic knees,
differences between knee symptoms were analyzed using a c2 test
for the proportion of the variables and a ManneWhitney U test forTable I
Clinical and radiographic ﬁndings in patients with equal radiographic grades of OA






Number of patients 56 10
Age (years) (mean, SD) 62.9  8.2 41.9  12.7
Gender
Male (n, %) 14 (25.0%) 3 (30.0%)
Female (n, %) 42 (75.0%) 7 (70.0%)
BMI (mean, SD) 24.7  3.3 23.2  2.0
Knee alignment
Normal (n, %) 42 (37.5%) 10 (100%)
Genu varus (n, %) 70 (62.5%) 0 (0%)
Genu valgus (n, %) 0 0
Radiographic ﬁnding
KeL grade
0 (n, %) 0 10 (100%)
I (n, %) 1 (1.8%) 0
II (n, %) 5 (8.9%) 0
III (n, %) 27 (48.2%) 0
IV (n, %) 23 (41.1%) 0
Radiographic PF
degenerative signs (n, %)
80 (72.7%) 0 (0%)
IV (n, %) 39 (45.9%) 7 (25.9%)
KeL grade: Kellgren and Lawrence grade of OA.parametric variables. Since every enrolled subject received evalu-
ations of their bilateral knees, the general linear regression model
with the generalized estimating equation (GEE) method was used
to investigate the association of pain with the selected US features,
including VAS in motion, VAS at rest, the WOMAC pain subscale,
and the WOMAC index. The GEE uses robust standard error esti-
mates to take into account withinesubjects correlations of the pain
score26. Otherwise, the degree of medial knee pain was difﬁcult to
quantify with the independence of knee pain, we assessed the
spontaneous medial knee pain with a binary question. The asso-
ciation of medial knee pain and the selected US features in the
medial recess (MCS and MMP) was analyzed using the multivariant
logistic regression model with the GEE method. Both regression
analyses were adjusted for age, gender, BMI, KeL grade, and other
US features. Additionally, one of the US feature in the medial
recess, MO, was not included in the logistic regression model
because of its high correlation with KeL grade (R ¼ 0.54). Inclusion
of MO in the multivariate analyses would cause the statistical
problem of multicollinearity. Data were analyzed using SAS for
Windows 9.2.
Table III
Association between US features and visual analog scale (VAS) pain scores in motion, VAS at rest, the WOMAC index, and the WOMAC pain subscale in 56 patients with equal
radiographic grades of OA in both knees
SPS SPE MMP MCS LCS MO
VAS in motion
b-coefﬁcients 0.22 2.21 1.19 5.47 1.30 0.82
95% CI (9.88, 21.88) (6.142, 39.92) (27.63, 5.65) (31.08, 76.70) (46.11, 26.73) (31.00, 12.19)
P-value 0.459 0.008 0.195 <0.001 0.602 0.393
VAS at rest
b-coefﬁcients 0.78 0.86 0.56 3.05 0.78 0.56
95% CI (17.42, 3.15) (4.60, 21.37) (19.73, 7.98) (12.26, 46.34) (34.06, 21.04) (19.29, 30.40)
P-value 0.174 0.206 0.406 <0.001 0.643 0.661
WOMAC pain
b-coefﬁcients 0.23 0.10 0.18 0.94 0.07 0.21
95% CI (1.19, 5.80) (2.54, 4.74) (5.14, 1.47) (4.00, 14.69) (5.25, 7.09) (8.46, 3.89)
P-value 0.196 0.555 0.276 <0.001 0.770 0.468
WOMAC
b-coefﬁcients 1.07 0.47 1.14 1.56 0.11 1.31
95% CI (0.57, 25.18) (9.14, 19.12) (22.81, 2.00) (3.54, 37.42) (25.97, 23.61) (10.56, 34.81)
P-value 0.061 0.489 0.100 0.105 0.926 0.295
The b-coefﬁcients and the corresponding 95% CI were estimated from the general linear regression model with the GEE method and were adjusted for age, gender, BMI,
radiologic OA grade, and other US features.
MMP: protrusion of medial meniscus.
Units for all US variables were expressed in millimeter (mm).
Table IV
Association of US features and spontaneous medial knee pain in 56 patients with
equal radiographic grades of OA in both knees
US feature grade N P-value Adjusted OR* (95% CI)
MCS
0 17 1
1 66 0.004 6.1 (1.8e20.6)
2 þ 3 24 þ 5 0.006 41.3 (2.8e598.8)
MMP
0 19
1 43 0.334 2.4 (0.4e13.7)
2 37 0.198 3.4 (0.5e21.4)
3 13 0.221 4.4 (0.4e46.1)
The adjusted OR were estimated from the multivariate logistic regression model
with the GEE method and were adjusted for age, gender, BMI, radiologic OA grade,
and another US feature.
MMP: protrusion of medial meniscus.
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Study population
Finally, 56 patients [42 (75.0%) women, and 14 men; mean age:
62.9 8.2 years] were included in our OA group (Table I). Therewas
no patient with a lateral compartment affected predominantly with
OA. Most patients had radiographic KeL grade III or IV OA (Table I).
There were 85 symptomatic knees and 27 asymptomatic knees.
Eighty-one (95.3%) symptomatic knees had spontaneous medial
knee pain and 78 (91.8%) symptomatic knees had PAI tenderness on
physical examination. In the control group, there were 7 (70%)
women and three men (mean age: 41.9  12.7 years, Table I), and
12 symptomatic knees and eight asymptomatic knees. 6 (50%)
symptomatic knees had spontaneous knee pain and 8 (66.7%)
symptomatic knees had PAI tenderness on physical examination.
Prevalence of US features
In patients with bilateral equal grades of knee OA, there were
signiﬁcant differences between the symptomatic and asymptom-
atic knees in three of the six US features: SPS (79 vs 15; P < 0.001),
SPE (28 vs 3; P¼ 0.016), and MCS (75 vs 15; P < 0.001) (Table II). All
three features were correlated with knee pain. Differences between
the knees in MO, MMP, LCS, and Baker’s cyst showed no association
with knee pain. In the control group, all six US features were not
correlated with knee pain. In either OA group or control group, no
knee showed US pes anserinus tendino-bursitis, tendon lesions,
prepatellar or infrapatellar bursitis, a ligament rupture, lateral
collateral ligament lesions, or panniculitis of the medial knee fat.
Association of US features with VAS scores, the WOMAC index, and
medial knee pain
In the OA group, of all US features, only MCS had signiﬁcant
positive linear associations with VAS scores in motion, VAS at rest,
and the WOMAC pain subscale after adjustments for age, gender,
BMI, KeL grade, the site of affected knees and other US features
(Table III). Of the other US features, only SPE was associated with
VAS scores in motion. For the WOMAC index, all US features
showed no association. Otherwise, the KeL grade showed signiﬁ-
cantly associated with VAS at rest, WOMAC pain subscale, andWOMAC index (data not shown). In the presence of medial knee
pain, MCS showed a signiﬁcant association after adjustments for
age, gender, BMI, KeL grade, and MMP: odds ratio (OR) (95%
conﬁdence interval (CI)) for grade 1 MCS 6.1 (1.8e20.6) and grade
2 þ 3 MCS 41.3 (2.8e598.8). MMP showed no association
(Table IV). In the control group, no US features was associated
with VAS score (either in motion or at rest), WOMAC index, or
medial knee pain.
Discussion
This is the ﬁrst study that has examined the association between
pain and US features in patients with equal radiographic grades of
OA in both knees. The majority of our symptomatic OA knees
showed inﬂammation over both the suprapatellar recess and
medial recess. In individual OA knees, we showed a dose-
dependent association between sonographic inﬂammation
features, including SPE and MCS, and pain. SPE and MCS were
independently associated with VAS in motion, but other features
were not. In addition, MCS was also associated with VAS at rest, the
WOMAC pain subscale, and medial knee pain. In knees without OA,
no US featurewas correlated with knee pain or associated with VAS
score, WOMAC index, or medial knee pain.
Effusion, synovitis, and bone marrow lesions have been the
principal ﬁndings associated with knee pain in MRI and US studies
P.-T. Wu et al. / Osteoarthritis and Cartilage 20 (2012) 1507e1513 1511of knee OA10,15e17,27e29. Prior US studies11e13 showed that a higher
BMI and some US features such as SPE, SPS, MMP with medial
collateral ligament displacement (MCLD), and Baker’s cyst are
associated with pain in knee OA. A high incidence of sonographic
inﬂammation features and MMP with MCLD were detected in our
patients, especially in symptomatic knees. However, only SPE and
MCS were associated with knee pain. We also found MMP in most
asymptomatic patients. It was believed that MMP created a condi-
tion similar to the aftermath of a meniscectomy, which has been
shown to predispose patients to OA30. The degree of MMP was
correlated with the severity of the KeL grade25. Therefore, MMP
was regarded as an important risk factor for knee pain in OA16,17,25.
However, in our study, MMP was not associated with OA knee pain.
As implied by Breitenseher et al.31, our ﬁnding suggests that
subluxation is associated with the development of structural OA
and does not necessarily induce symptoms in those with structural
OA27.
In individual OA knee joints, we showed a degree-dependent
association between inﬂammation features and pain. SPE was
degree-dependently associated only with pain in motion. MCS was
clearly associated with mechanical pain, pain at rest, and the
WOMAC pain subscale. We also found that in most patients with
medial knee pain, hypertrophied synovium mixed with effusion
over the medial knee recess was clearly revealed on US, and that
MCS was signiﬁcantly associated with medial knee painwith a high
OR in advanced inﬂammation (grades 2 and 3) after adjustment.
The importance of synovitis in OA progression iswell recognized32e36.
OA knee joints usually show signs of synovitis, even in the early
stage of the disease37,38. MR imaging in patients who either have or
are at risk for knee OA showed that high-grade synovitis was
associated with knee pain compared with those with no or low-
grade synovitis39,40. There is evidence that synovitis is not only
a secondary phenomenon in individuals with knee OA, but is also
involved in the progression of cartilage loss34. However, MCS has
rarely been discussed in the literature. Ayral et al.34 reported that
remarkable medial focal synovitis is a common feature of painful
medial knee OA, associatedwithmore severemedial chondropathy.
Only the inﬂammatory synovitis group showed an association of
cartilage loss at the 1-year follow-up. Furthermore, medial synovial
tissue taken from patients with medial compartment OA showed
more remarkable inﬂammation and more frequent incidence of
pain-related neuropeptides (substance P and calcitonin gene
related peptide), which may modulate the pain pathway in OA,
than did those from the lateral and suprapatellar regions41.
Therefore, medial synovial inﬂammation possibly contributes to
pain, especially to medial knee pain, in patients with knee OA. In
our study, the association between MCS and pain suggested that
MCS is an important predictive factor of pain, and evenmedial knee
pain, in patients with knee OA. However, the factors that induce
MCS are still unclear. In contrast, neither US synovitis features nor
other US features were associated with knee pain in knees without
OA. The results reﬂect the importance of synovitis in OA knee pain
and the multifactorial origins of pain.
This study has some limitations. First, the study population was
small and predominant in advanced stage of OA (KeL grade III and
IV), because the patients with equal radiographic grades of OA in
both knees were relatively fewer in our outpatient department.
Otherwise, the fact that all our patients were referred to us, or
consulted with us, for IAeHA injection therapy may have contrib-
uted to the tendency of advanced OA stage in our patient pop-
ulation. The asymmetric population distribution may lead to the
unclear association between synovial inﬂammation and knee pain
in early stage of OA (KeL grade I and II) and control group. However,
this study clearly showed that US-detected synovial inﬂammation,
especially MCS, was positively linearly associated with OA kneepain. Our ﬁnding that synovitis is signiﬁcantly associated with OA
knee pain is similar to that of prior studies16,17,27,39,40. Second, there
was no patient with predominantly lateral compartment OA,
although predominantly medial compartment OA is typical in
patients with knee OA. In our study, MCS was associated with the
presence of medial knee pain and high VAS pain scores, but LCS was
not. However, the question of whether LCS is related to knee pain or
lateral knee pain in predominantly lateral compartment OA or not
is unclear. Third, only gray-scale US was used to assess synovitis in
this study. Power Doppler sonography (PDS) and contrast-
enhanced (CE) US are more sensitive in detecting synovitis asso-
ciated with OA23,42. However, PDS is highly machine-dependent in
detecting synovial inﬂammation43, and CEeUS is more facility-
dependent. In contrast, gray-scale US is more available and can
consistently depict the morphology of inﬂammation11,44. We found
that B-mode US adequately delineated the inﬂammation features
and demonstrated their association with pain. Additional studies
using US techniques that are more sensitive are necessary to
conﬁrm our results. Fourth, because of the busy clinic work,
intraobserver variability of the US features was tested for the same
patient on the same day, and interobserver agreement was done by
re-reading the stored US images. Both methodologies possibly lead
to the evaluation bias. Fifth, pain is multifactorial. This study was
designed to verify the role of synovitis in OA knee pain. Therefore,
US parameters with regard to the structure damage, such as
thickness of femoral articular cartilage or of quadriceps tendon,
were not evaluated comprehensively in our study.
In this study, US inﬂammation features, including SPE and MCS,
were positively linearly associated with knee pain in motion in
patients with equal radiographic grades of OA in both knees. MCS
was also positively linearly associated with pain at rest and the
WOMAC pain subscale, and degree-dependently associated with
the presence of medial knee pain. These ﬁndings show that syno-
vitis is one of the important predictive factors of pain. This
knowledge may give rise to further research for therapeutic strat-
egies. However, further studies to conﬁrm the association of US
features and pain in OA knees are needed.Author contributions
All authors were involved in drafting and critically reading
themanuscript for important content, and all authors approved the
ﬁnal version. Dr I-Ming Jou had full access to all of the data in
the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis.
Study conception and design. PT Wu, CJ Shao, TC Chern, IM Jou.
Acquisition of data. PT Wu, CJ Shao, KC Wu, TT Wu, IM Jou.
Analysis and interpretation of data. PT Wu, LC Kuo, IM Jou, LC
Kuo.Conﬂict of interest statement
All authors declare that they have no commercial interests or other
types of conﬂicts of interest related to the manuscript.Acknowledgments
We are grateful to Professor Chung-Yi Li, Assistant Professor
Sheng-Hsiang Lin and Miss Shang-Chi Lee of the Biostatistics
Consulting Center, National Cheng Kung University Hospital, for
consulting services, and thank Miss Ei-Wen Shen, Miss Kuei-Fang
Yeh, Miss Shing-Yun Chang, and Miss Yu-Ying Chen for excellent
assistance. All authors declare that they did not receive any funding
sponsorship for the manuscript.
P.-T. Wu et al. / Osteoarthritis and Cartilage 20 (2012) 1507e15131512References
1. Linaker CH, Walker-Bone K, Palmer K, Cooper C. Frequency
and impact of regional musculoskeletal disorders. Baillieres
Clin Rheumatol 1999;13:197e215.
2. Spector TD, James IT, Hall GM, Thompson PW, Perrett D,
Hart DJ. Increased levels of urinary collagen crosslinks in
females with rheumatoid arthritis. Clin Rheumatol 1993;12:
240e4.
3. Davis MA, Ettinger WH, Neuhaus JM, Barclay JD, Segal MR.
Correlates of knee pain among US adults with and without
radiographic knee osteoarthritis. J Rheumatol 1992;19:
1943e9.
4. Lethbridge-Cejku M, Scott Jr WW, Reichle R, Ettinger WH,
Zonderman A, Costa P, et al. Association of radiographic
features of osteoarthritis of the knee with knee pain: data from
the Baltimore Longitudinal Study of Aging. Arthritis Care Res
1995;8:182e8.
5. Hart DJ, Spector TD, Brown P, Wilson P, Doyle DV, Silman AJ.
Clinical signs of early osteoarthritis: reproducibility and rela-
tion to X ray changes in 541 women in the general population.
Ann Rheum Dis 1991;50:467e70.
6. Felson DT. The epidemiology of knee osteoarthritis: results
from the Framingham Osteoarthritis Study. Semin Arthritis
Rheum 1990;20:42e50.
7. Claessens AA, Schouten JS, van den Ouweland FA,
Valkenburg HA. Do clinical ﬁndings associate with radio-
graphic osteoarthritis of the knee? Ann Rheum Dis 1990;49:
771e4.
8. Bedson J, Croft PR. The discordance between clinical and
radiographic knee osteoarthritis: a systematic search and
summary of the literature. BMC Musculoskelet Disord 2008;9:
116.
9. Goldenberg DL, Egan MS, Cohen AS. Inﬂammatory synovitis in
degenerative joint disease. J Rheumatol 1982;9:204e9.
10. Kristoffersen H, Torp-Pedersen S, Terslev L, Qvistgaard E,
Holm CC, Ellegaard K, et al. Indications of inﬂammation visu-
alized by ultrasound in osteoarthritis of the knee. Acta Radiol
2006;47:281e6.
11. D’Agostino MA, Conaghan P, Le Bars M, Baron G, Grassi W,
Martin-Mola E, et al. EULAR report on the use of ultrasonog-
raphy in painful knee osteoarthritis. Part 1: prevalence of
inﬂammation in osteoarthritis. Ann Rheum Dis 2005;64:
1703e9.
12. Kane D, Balint PV, Sturrock RD. Ultrasonography is superior to
clinical examination in the detection and localization of knee
joint effusion in rheumatoid arthritis. J Rheumatol 2003;30:
966e71.
13. Kortekaas MC, Kwok WY, Reijnierse M, Watt I, Huizinga TW,
Kloppenburg M. Pain in hand osteoarthritis is associated with
inﬂammation: the value of ultrasound. Ann Rheum Dis
2010;69:1367e9.
14. Walther M, Harms H, Krenn V, Radke S, Faehndrich TP,
Gohlke F. Correlation of power Doppler sonography with
vascularity of the synovial tissue of the knee joint in patients
with osteoarthritis and rheumatoid arthritis. Arthritis Rheum
2001;44:331e8.
15. de Miguel Mendieta E, Cobo Ibanez T, Uson Jaeger J, Bonilla
Hernan G, Martin Mola E. Clinical and ultrasonographic ﬁnd-
ings related to knee pain in osteoarthritis. Osteoarthritis
Cartilage 2006;14:540e4.
16. Mermerci BB, Garip Y, Uysal RS, Dogruel H, Karabulut E,
Ozoran K, et al. Clinic and ultrasound ﬁndings related to pain
in patients with knee osteoarthritis. Clin Rheumatol 2011;8:
1055e62.17. Naredo E, Cabero F, Palop MJ, Collado P, Cruz A, Crespo M.
Ultrasonographic ﬁndings in knee osteoarthritis: a compara-
tive study with clinical and radiographic assessment. Osteo-
arthritis Cartilage 2005;13:568e74.
18. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al.
Development of criteria for the classiﬁcation and reporting of
osteoarthritis. Classiﬁcation of osteoarthritis of the knee.
Diagnostic and Therapeutic Criteria Committee of the
American Rheumatism Association. Arthritis Rheum 1986;29:
1039e49.
19. Recommendations for the registration of drugs used in the
treatment of osteoarthritis. Group for the respect of ethics and
excellence in science (GREES): osteoarthritis section. Ann
Rheum Dis 1996;55:552e7.
20. van Holsbeeck M, Introcaso JH. Musculoskeletal ultrasonog-
raphy. Radiol Clin North Am 1992;30:907e25.
21. Friedman L, Finlay K, Jurriaans E. Ultrasound of the knee.
Skeletal Radiol 2001;30:361e77.
22. Karim Z, Wakeﬁeld RJ, Quinn M, Conaghan PG, Brown AK,
Veale DJ, et al. Validation and reproducibility of ultrasonog-
raphy in the detection of synovitis in the knee: a comparison
with arthroscopy and clinical examination. Arthritis Rheum
2004;50:387e94.
23. Song IH, Althoff CE, Hermann KG, Scheel AK, Knetsch T,
Burmester GR, et al. Contrast-enhanced ultrasound in moni-
toring the efﬁcacy of a bradykinin receptor 2 antagonist in
painful knee osteoarthritis compared with MRI. Ann Rheum
Dis 2009;68:75e83.
24. Meredith DS, Losina E, Neumann G, Yoshioka H, Lang PK,
Katz JN. Empirical evaluation of the inter-relationship of
articular elements involved in the pathoanatomy of knee
osteoarthritis using magnetic resonance imaging. BMC Mus-
culoskelet Disord 2009;10:133.
25. Gale DR, Chaisson CE, Totterman SM, Schwartz RK, Gale ME,
Felson D. Meniscal subluxation: association with osteoarthritis
and joint space narrowing. Osteoarthritis Cartilage 1999;7:
526e32.
26. Burton P, Gurrin L, Sly P. Extending the simple linear regres-
sion model to account for correlated responses: an introduc-
tion to generalized estimating equations and multi-level
mixed modelling. Stat Med 1998;17:1261e91.
27. Hunter DJ, Zhang W, Conaghan PG, Hirko K, Menashe L, Li L,
et al. Systematic review of the concurrent and predictive val-
idity of MRI biomarkers in OA. Osteoarthritis Cartilage
2011;19:557e88.
28. Kornaat PR, Bloem JL, Ceulemans RY, Riyazi N, Rosendaal FR,
Nelissen RG, et al. Osteoarthritis of the knee: association
between clinical features and MR imaging ﬁndings. Radiology
2006;239:811e7.
29. Hunter DJ, Lo GH, Gale D, Grainger AJ, Guermazi A,
Conaghan PG. The reliability of a new scoring system for knee
osteoarthritis MRI and the validity of bone marrow lesion
assessment: BLOKS (Boston Leeds Osteoarthritis Knee Score).
Ann Rheum Dis 2008;67:206e11.
30. Neyret P, Donell ST, Dejour H. Osteoarthritis of the knee
following meniscectomy. Br J Rheumatol 1994;33:267e8.
31. Breitenseher MJ, Trattnig S, Dobrocky I, Kukla C, Nehrer S,
Steiner E, et al. MR imaging of meniscal subluxation in the
knee. Acta Radiol 1997;38:876e9.
32. Hill CL, Gale DG, Chaisson CE, Skinner K, Kazis L, Gale ME, et al.
Knee effusions, popliteal cysts, and synovial thickening:
association with knee pain in osteoarthritis. J Rheumatol
2001;28:1330e7.
33. Pelletier JP, Martel-Pelletier J, Abramson SB. Osteoarthritis, an
inﬂammatory disease: potential implication for the selection
P.-T. Wu et al. / Osteoarthritis and Cartilage 20 (2012) 1507e1513 1513of new therapeutic targets. Arthritis Rheum 2001;44:
1237e47.
34. Ayral X, Pickering EH, Woodworth TG, Mackillop N,
Dougados M. Synovitis: a potential predictive factor of struc-
tural progression of medial tibiofemoral knee osteoarthritis e
results of a 1 year longitudinal arthroscopic study in 422
patients. Osteoarthritis Cartilage 2005;13:361e7.
35. Hill CL, Hunter DJ, Niu J, Clancy M, Guermazi A, Genant H, et al.
Synovitis detected on magnetic resonance imaging and its
relation to pain and cartilage loss in knee osteoarthritis. Ann
Rheum Dis 2007;66:1599e603.
36. Roemer FW, Hunter DJ, Guermazi A. Semiquantitative assess-
ment of synovitis in osteoarthritis on non contrast-enhanced
MRI. Osteoarthritis Cartilage 2009;17:820e1. author reply
22e24.
37. Fernandez-Madrid F, Karvonen RL, Teitge RA, Miller PR, An T,
Negendank WG. Synovial thickening detected by MR imaging
in osteoarthritis of the knee conﬁrmed by biopsy as synovitis.
Magn Reson Imaging 1995;13:177e83.
38. Loeuille D, Chary-Valckenaere I, Champigneulle J, Rat AC,
Toussaint F, Pinzano-Watrin A, et al. Macroscopic and micro-
scopic features of synovial membrane inﬂammation in the
osteoarthritic knee: correlating magnetic resonance imagingﬁndings with disease severity. Arthritis Rheum 2005;52:
3492e501.
39. Marra MD, Roemer FW, Crema MD, Niu J, Zhang Y, Javaid MK,
et al. Peripatellar synovitis in osteoarthritis: comparison of
nonenhanced and enhanced magnetic resonance imaging
(MRI) and its association with peripatellar knee pain: the
MOSTstudy. Osteoarthritis Cartilage 2008;16(Suppl 4):S167.
40. Crema MD, Roemer FW, Marra MD, Guermazi A. MR imaging
of intra- and periarticular soft tissues and subchondral bone in
knee osteoarthritis. Radiol Clin North Am 2009;47:687e701.
41. Saito T, Koshino T. Distribution of neuropeptides in synovium of
the kneewith osteoarthritis. ClinOrthop Relat Res 2000:172e82.
42. Hayashi D, Roemer FW, Katur A, Felson DT, Yang SO,
Alomran F, et al. Imaging of synovitis in osteoarthritis: current
status and outlook. Semin Arthritis Rheum 2011;41:116e30.
43. Wakeﬁeld RJ, Brown AK, O’Connor PJ, Emery P. Power Doppler
sonography: improving disease activity assessment in
inﬂammatory musculoskeletal disease. Arthritis Rheum
2003;48:285e8.
44. Fiocco U, Cozzi L, Rubaltelli L, Rigon C, De Candia A,
Tregnaghi A, et al. Long-term sonographic follow-up of rheu-
matoid and psoriatic proliferative knee joint synovitis. Br J
Rheumatol 1996;35:155e63.
